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Abstract
The method of equivalent quanta is applied both to photon-photon and, by
analogy, to double pomeron exchange in heavy-ion collisions. This Weizsa¨cker-
Williams approach is used to calculate production cross sections for the glue-
ball candidate fJ(1710) meson via photon-photon and pomeron-pomeron fu-
sion in peripheral heavy-ion collisions at both RHIC and LHC energies. The
impact-parameter dependence for total and elastic cross sections are pre-
sented, and are compared to results for proton-proton collisions.
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I. INTRODUCTION
Glueballs, bound color-singlet states of gluons, are a well-known prediction of Quan-
tum Chromodynamics (QCD) and have long been sought in the mesonic spectrum. Three
popular, glue-rich environments have been the focus of this search. The most promising
is radiative J/ψ decay, J/ψ → γG, in which the cc¯ pair decays to hadrons predominantly
through two-gluon intermediate states. A second possibility is the annihilation into gluons
of one or two qq¯ pairs in pp¯ collisions (e.g., pp¯ → π0G). A third environment for glueball
production is central pp collisions, where gluon-gluon fusion processes should be abundant;
glueball creation in this mode is expected to proceed via double pomeron exchange, with
the pomeron presumed to be a multi-gluon color singlet.
A fourth, related venue for glueball production is in peripheral heavy ion collisions.
Although central collisions of heavy ions at the Relativistic Heavy Ion Collider (RHIC) at
Brookhaven and the Large Hadron Collider (LHC) at CERN will form the frontlines in
the search for a quark-gluon plasma, their large center-of-mass energies (as high as 100
GeV/nucleon at RHIC and 3.5 TeV/nucleon at the LHC) should allow access to the Regge
region s ≫ |t| and thence to the production of glueballs in peripheral collisions by strong
double diffractive scattering, i.e., pomeron-pomeron (PP) exchange.
One popular glueball candidate is the fJ(1710) meson, which is produced in radiative
J/ψ decay at a rate of about 1 part in 103. There is some disagreement regarding the spin of
this resonance [3], including evidence for two overlapping states obscuring one another [4].
Nevertheless, lattice QCD calculations have provided evidence identifying the oft-suspected
fJ(1710) as a scalar glueball with little or no admixture of valence quark–anti-quark pairs
[5]. Moreover, recent analysis of radiative J/ψ decay indicates that as a qq¯ state, the rate
of fJ(1710) production is consistent only with J = 2; for J = 0 the production rate is too
high for a pure qq¯ state, but is compatible with a glueball or mixed qq¯-glueball [6,7]. This
strengthens the claim for a ground state scalar glueball in the 1700 MeV range. As such, the
production and study of the fJ(1710) could provide an important testing ground for QCD.
In this paper we discuss the production of fJ=0(1710) mesons via pomeron-pomeron
and photon-photon interactions in peripheral heavy ion collisions at both RHIC and the
LHC. In addition to pomerons, these facilities will also endow the colliding nuclei with
large virtual photon luminosities; since gluons are charge neutral, however, γγ production of
glueballs will not occur to leading order. Nonetheless, such large photon luminosities raise
the prospect of studying electromagnetic particle production via two photon interactions [1],
and despite the expectation that the contribution from the γγ mode is small, it will interfere
constructively with the PP process. Perhaps more importantly, just as one can calculate
such γγ processes in an equivalent photon approximation, one can construct by analogy an
“equivalent pomeron approximation” for PP exchange [2]. Thus we begin in Sec. II with
a review of the method of virtual quanta as applied to photons and pomerons. Although
the equivalent photon approximation is well known, we review the main features in order
to facilitate comparison with equivalent pomerons; the presentation will follow the outline
of earlier work on the subject [2,8]. We also discuss the impact parameter dependence of
the two-photon and two-pomeron processes, complementing earlier work by Natale [9]. In
Sec. III we present our results for both photon-photon and pomeron-pomeron interactions,
including the effects of nuclear absorption.
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II. EQUIVALENT PHOTONS AND POMERONS
We consider the production of a state X0 of large invariant mass MX by the exchange of
two virtual quanta from the scattering nuclei. Let k2i , ωi (i = 1, 2) be the invariant masses
and energies of the exchanged quanta, pi, p
′
i the four-momenta of the two nuclei before and
after the collision, andMi their invariant masses. We assume that the nuclei remain in their
ground state, i.e., the collision is elastic with respect to the scattering nuclei. The relevant
four-momentum can then be expressed as
pi = (Ei, pi‖, 0⊥) (1)
p′i = (E
′
i, p
′
i‖,−ki⊥) (2)
ki = (ωi, ki‖,ki⊥), (3)
where the notation for the various particle momenta is explained in Figure 1. In the high-
energy limit, Ei ≫ ωi, we have
ωi = Ei − E ′i ≡ xiEi (4)
ki‖ = pi‖ − p′i‖ ≈
dpi‖
dEi
(Ei −E ′i) =
Ei
pi‖
xiEi , (5)
which together give
ω2i − k2i‖ ≈ ω2i

1− E2i
p2i‖

 ≈ −x2iM2i , (6)
leading to the useful relation
− k2i = x2iM2i + k2i⊥ . (7)
In the spirit of the equivalent photon approximation [10], for ion beams A and B with
squared center of mass energy s we write the cross section for either photon-photon or
pomeron-pomeron fusion to a neutral state X in the form
σ
V V
AB =
∫
dx1dx2 f
A
V
(x1)f
B
V
(x2)σˆ
X
V V
(x1x2s) . (8)
In this expression f
V
(x) is the distribution function for finding a quantum V with energy
fraction x in the nucleus. The production cross section for the subprocess V V → X with
squared center-of-mass energy x1x2s is given by [11]
σˆX
V V
= (2J + 1)
8π2
M
X
Γ
X→V V
δ(x1x2s−M2X ) , (9)
where J is the spin of the state X and Γ
X→V V
is the partial two-V decay width of X .
For the photon case (V = γ), the γ-nucleus vertex is given by ZeFA(t), where FA is
the elastic nuclear form factor and t is the invariant four-momentum exchanged. Then the
distribution function fγ for a fast moving nucleus of charge Z, massM , and nucleon number
A is [8]
2
fγ(x) =
(Ze)2
πx
∫ ∞
0
d2k⊥
(2π)2
k2⊥
|FA(−k2)|2
(−k2)2 (10)
=
Z2α
πx
∫ ∞
0
d(k2⊥) k
2
⊥
|FA(x2M2 + k2⊥)|2
(x2M2 + k2⊥)
2
, (11)
where we have used Equation (7). Approximating F (~k2) by the gaussian
F (~k2) = e−
~k2/2Q20 , (12)
we see that the form factor imposes a cutoff xM/Q0 ∼ xMR <∼ 1, where R ∼ 1/Q0 is
the nuclear radius. Thus for identical nuclei, a heavy state of invariant mass MX can be
produced as long as M2X = x1x2s <∼ s/M2R2 = (2γ/R)2. This is essentially the condition
for coherence: the photon wavelength must be larger than the Lorentz–contracted nuclear
radius. Coherence leads to the factor of Z2 in fγ (compounded to Z
4 in the cross section),
rendering electromagnetic interactions of high-Z ions an effective tool for the production of
heavy neutral particles.
Turning next to the pomeron (V = P), we distinguish the exclusive process of Figure
1 from the inclusive process shown in Figure 2. Considering the pomeron as a two gluon
ladder, the exclusive case requires one of the gluons of each pomeron to fuse. Such a process
warrants a full gluon ladder calculation, and almost certainly yields a small rate. By contrast,
inclusive production puts no restrictions upon the two remaining gluons, which are soft on
average, and a ladder calculation may not be necessary. Moreover, the inclusive rate should
be larger than that for exclusive production, and is the process that will be seen first. We
thus proceed for pomerons by considering only inclusive production.
As such, we are interested in the so-called “soft pomeron”, considered to be an effective
description of a highly correlated gluon exchange with a structure determined by nonper-
turbative properties of the QCD vacuum. One begins with the Regge trajectory
α
P
(t) = 1 + ǫ+ α′
P
t, (13)
where ǫ = 0.085 and α′
P
= 0.25 GeV−2. This trajectory has an intercept close to 1, suggesting
that the pomeron behaves like a spin-one boson in processes in which the exchanged four-
momentum squared k2 = t is small. Pomeron exchange can thus be described as an isoscalar
“photon”, with propagator at high c.m. energy given by [12],
|D
P
(t = −~k2; s)| = (s/m2)ǫ e−r20~k2 (14)
wherem is the Regge scale parameter and r0 is the pomeron range parameter (see Appendix),
r20 = α
′
P
ln (s/m2) . (15)
Following Donnachie and Landshoff [13], we denote the nucleon-pomeron coupling by
βNP = 3β0FN (−t) , (16)
where the quark-pomeron coupling β0 is
β0 = 1.8 GeV
−1 (17)
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and FN(−t) is the isoscalar magnetic nucleon form factor. For nucleus-pomeron interaction,
we appeal to the additivity of the total nucleon-nucleon cross sections and replace β0 by
Aβ0 and FN (−t) by the elastic nuclear form factor FA(~k2). Of course, a linear dependence
of the nucleus-pomeron coupling on A is too strong: While it may be appropriate for a
hard process involving at least 100 GeV, for the softer process considered here shadowing
will moderate the coupling to scale like Aδ with δ < 1. For small x, where the method of
equivalent quanta applies, δ ∼ 0.7 − 0.8 [14]. We will nevertheless use the linear coupling
for simplicity and apply this suppression to the resulting cross sections.
For inclusive glueball production, the distribution function for finding a pomeron in the
nucleus with energy fraction x is then given by [2,13]
f
P
(x) =
(
3Aβ0Q0
2π
)2 (
s′
m2
)2ǫ
1
x
e−x
2M2/Q20 , (18)
where s′ denotes the invariant subprocess with which the pomeron participates, i.e., s′ ≡
s1 ≈ x2s for the pomeron emitted by nucleus 1, s′ ≡ s2 ≈ x1s for the pomeron emitted by
nucleus 2.
Being concerned with inclusive production, an additional step is required between the
subprocess cross section σˆ called for in Equation (8) and the exclusive form advocated in
Equation (9). Specifically, we replace Equation (9) with
σˆincl
PP
=
∫
dz1dz2 GP (z1)GP (z2)σ˜
X
gg
(z1z2sPP ) , (19)
where G
P
(z) is the gluon structure function of the pomeron and s
PP
≡ x1x2s is the squared
center-of-mass energy of the two-P system. The gluonic glueball production cross section
needed in Equation (19) is now given by
σ˜X
gg
(s) = (2J + 1)
π2
8M
X
Γ
X→gg
δ(s−M2
X
) , (20)
which differs from Equation (9) only by a factor of
(
1
8
)2
due to averaging over initial color
states. As for G
P
(z), experimental investigation into the partonic structure of the pomeron
indicates that most of the pomeron momentum is carried by hard gluons [15], favoring a
structure function of the form
G
P
(z) = 6(1− z) . (21)
This, however, raises other concerns. As the mass MX of the produced particle decreases, a
structure function approach to the glue content of the pomeron becomes invalid: without a
large momentum scale one cannot fully justify a parton model formalism. (Indeed, structure
functions such as (21) are obtained from data with large pT jets which serve as the scale for a
perturbative approach.) Just how smallMX must be before the approach is no longer reliable
is an open question, but it seems not unreasonable to be suspicious forMX ≃ 1.7 GeV. Thus
the calculation presented here is not intended to be truly predictive; rather, it is offered as
an order of magnitude estimate in a first attempt to see if the experiment makes sense. In
order to get an idea how sensitive the results are to the choice of structure function, the
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calculation was performed not only using G
P
(z) as in (21), but with two invented structure
functions as well, one softer the other harder than (21),
G′
P
(z) = 12(1− z)2 (22)
G′′
P
(z) =
15
4
(1− z)1/2 . (23)
Although we have now assembled the expressions required by Equation (8), a practical
consideration remains. In order to obtain a clean glueball signal, it is important that the
cross section remain viable out to impact parameters greater than roughly twice the nuclear
radii—in other words, that the heavy ions engage in peripheral collisions. To calculate the
impact parameter dependence of the cross section, we write the total V V exchange cross
section (8) in the impact parameter representation and fold it with the probability that no
inelastic interaction takes place other than double-V exchange. The dependence of the cross
section on the impact parameter b is then found by integrating the squared matrix element
over all spacetime coordinates save for the transverse distance b between nuclei [8,2].
The key ingredient in this recipe is the effective V -X coupling, which depends on the
spin and parity of X . If we denote the vertex by Γµν and in the high-energy limit keep only
the transverse polarizations of the V ’s, the coupling of a scalar X to the coherent nuclear
current can be expressed in the form
(p1 + p
′
1)
µΓµν(p2 + p
′
2)
ν ≈ 4
√
2
k1 · k2
x1x2
M
V V
(k1, k2) , (24)
where M
V V
is the spin-averaged invariant matrix element for the process V V → X . The
factor k1 · k2 would be replaced |k1⊥ × k2⊥| for a pseudoscalar X . The different forms of
Γµν for a number of other possible spin-parity states X can be easily deduced from the list
of two-photon helicity amplitudes given in [17].
This procedure, together with the Gaussian form factor (12), results in straightforward
calculations for the differential cross sections. For completeness, we display below expressions
for both J = 0 and 2. (Note that for J = 2, the h = ±2 helicity states in γγ → X have
been observed to dominate [18], a phenomenon that can be understood in the context of
tensor meson dominance [19]. Thus when treating the fJ(1710) as a 2
+ state, the helicity
zero contributions can be neglected, greatly simplifying Γµν .)
For γγ exchange, we get the general expression
dσγγ→fJAB
d2b
=
1
π
(
Z1Z2α
π
)2 ∫ dx1
x1
dx2
x2
σˆfJγγ(x1x2s)
∫
dq q J0(qb) e
−q2/2Q20 φJ(x1, x2; q) (25)
where we have defined
φJ=0 =
(
A1(x1)− q
2
4Q20
B0(x1)
)(
A1(x2)− q
2
4Q20
B0(x2)
)
+
(
B1(x1)− A1(x1)
)(
B1(x2)− A1(x2)
)
(26)
φJ=2 =
(
B1(x1)− q
2
4Q20
B0(x1)
)(
B1(x2)− q
2
4Q20
B0(x2)
)
, (27)
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with
An(x) = e
−x2M2/Q20
∫ ∞
0
dξ ξn
e−ξ
b
[√
a
a− b − 1
]
(28)
Bn(x) = e
−x2M2/Q20
∫ ∞
0
dξ ξn
e−ξ√
a(a− b)
, (29)
and
a ≡
(
ξ +
q2
4Q20
+
x2M2
Q20
)2
, b ≡ ξq2/Q20 . (30)
The expressions are simpler for PP exchange, allowing much of the integration to be
performed analytically; for identical nuclei, we find
σPPAA =
(
3Aβ0Q0
2π
)4
π2Γ
X→gg
8M3
X
∫
dξ
(
sM2
X
m4ξ
)2ǫ ∫
dz
z
G
P
(z)G
P
(ξ/z)K0
(
2M2
X
M2
sQ20ξ
)
, (31)
where ξ = M2
X
/x1x2s. Since the pomeron propagator is a gaussian, the choice of a gaussian
nuclear form factor allows the impact parameter dependence to be determined exactly. The
differential cross section for J = 0 is found to be
dσPP→fJ=0AA
d2b
=
Q′60 b
4
16π
e−b
2Q′20 /2 σPPAA , (32)
whereas
dσPP→fJ=2AA
d2b
=
Q′20
4π
(
1
8
b4Q′40 + 1
)
e−b
2Q′20 /2 σPPAA (33)
for J = 2. In both these expressions, we have defined
Q′−20 ≡ Q−20 + 2r20 . (34)
III. GLUEBALL PRODUCTION
In order to derive numerical values for these cross sections, estimates for the two-photon
and two-gluon decay widths are needed. Determining these widths, however, depends upon
whether the state is pure quarkonium, pure glue, or even a qq¯–glue hybrid. For a pure
quarkonium state, the two-photon and two-gluon widths can be related to leading order by
replacing the photon coupling α with the gluon coupling αs,
Γ
(qq¯)→γγ
=
9e4q
2
(
α
αs
)2
Γ
(qq¯)→gg
, (35)
where 9/2 is the color factor and eq is the relevant quark charge. One can estimate Γ(qq¯)→gg
from the measured total fJ(1710) width of 140 MeV [3] and the expectation that the (qq¯)→
6
gg branching ratio is of order α2s [6]. The numerical value of Γ(qq¯)→γγ is then estimated to be
∼ 1 keV.
Glue states are more difficult. Whereas one expects a (qq¯) → gg branching ratio of
order α2s ≃ 0.2, a branching ratio of order 1 is anticipated for G → gg. In fact, even a
two-gluon branching ratio as small as ∼ 1/2 would make it difficult to classify the state as
pure quarkonium [6,7]. We rely on the analysis of Close, Farrar, and Li [7] and take the
branching ratio for f0(1710)→ gg to be ≈ 0.52 (a value which is in accord with the analysis
of reference [6]), which yields Γ(f0 → gg) ≈ 70 MeV. For the two-γ decay width, we use the
results of Kada, Kessler, and Parisi [20] who calculated Γ(G→ γγ) using a nonrelativistic
gluon bound-state model. Adapted for the f0(1710) and with a f0(1710)→ KK¯ branching
ratio of ∼ 1/2, their expressions yield Γ(f0 → γγ) ≈ 4 eV. Our estimates for the various
widths are summarized in Table 1.
We have used the two-gluon widths to calculate the production of a fJ=0(1710) glueball
via double-photon and double-pomeron exchange in heavy-ion collisions at LHC and RHIC
energies. We consider 208Pb nuclei, and use the Gaussian form factor (12) with Q0 ≈ 60
MeV [21]. Our calculations then yield a total cross section of σtotAA(γγ → f0(1710)) = 2.5 µb
at the LHC, σtotAA(γγ → f0(1710)) = 85 nb at RHIC. By contrast, the corresponding cross
sections for the PP production mode are orders of magnitude higher: some 2160 b and 73
b at the LHC and RHIC, respectively.
It is useful to compare these results with those originating from proton-proton rather
than heavy ion interactions. Noting that Q0 scales like the inverse nuclear radius, i.e., as
A−1/3, we see from (31) that σPPAA ∼ A4/3. Although the loss of large A in proton-proton
collisions will certainly lower the pomeron-pomeron cross section, the additional luminosity
and energy available to proton beams at RHIC (∼ 1032 cm−2 s−1, 250 GeV) should offset this
expected decrease. For simplicity of comparison, we have approximated the usual nucleon
dipole form factor with the Gaussian of (12), taking Q20 = 0.71/4 = 0.1775 GeV
2. The
resulting cross section for the PP production of f0(1710) is 151 µb which, at the increased
RHIC luminosity, is competitive with production in heavy ion collisions. Not surprisingly,
the extra energy and luminosity which result in large event rates for PP fusion is of little
consequence for γγ fusion, since σγγAA ∼ Z4. Indeed, calculation shows the resulting cross
section to be at the 0.5 pb level.
These expectations, of course, are overly optimistic not only because they assume 100%
detection efficiency, but because they do not account for the effects of inelastic nuclear
scattering. The majority of the inelastic events is expected to occur at small values of the
impact parameter b; indeed, the elastic nature of the interaction is maintained only in those
collisions in which the two nuclei pass by each other. Thus it is important to verify that a
significant portion of the γγ and PP cross sections extends out to relatively large impact
parameters. For comparison, we have included inelastic scattering effects in two different
ways. One is by applying a geometric cutoff at a minimum impact parameter of 2R, where
R is the nuclear radius (R ≈ 7.1 fm for 208Pb). A more realistic approach accounts for
inelastic scattering effects using the Glauber approximation, with an absorption factor [22]
dσel
AB
d2b
=
dσAB
d2b
exp [−AB TAB(b) σ0] , (36)
where σ0 is the total nucleon-nucleon cross section. (We have used the formula of Amaldi
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[23] to extrapolate σ0 to RHIC and LHC energies.) For simplicity, we use the same gaussian
form factor (12) to calculate the profile function [24]
TAA(b) =
∫
d2Q
(2π)2
FA(Q
2) FA(Q
2) ei
~Q·~b =
Q20
4π
e−Q
2
0b
2/4 . (37)
For 208Pb, this approach yields PP elastic cross sections of approximately 95 mb at the LHC
and 8.2 mb at RHIC. Including shadowing effects further suppresses these cross sections:
letting A→ Aδ with δ ∼ 0.8 lowers the PP cross sections by about an order of magnitude.
For proton scattering at RHIC, the PP cross section falls to 121 µb, and thus may be the
more fruitful experimental approach. Our numerical results are summarized in Tables 2
and 3. The dependence of the differential cross sections on impact parameter at RHIC is
shown in Figure 3, where the dotted curves show the suppressing effects of absorption in the
Glauber approximation; Figure 4 shows the impact parameter dependence for proton-proton
collisions at RHIC.
The pomeron results presented in Table 3 all employ the structure function G
P
of Equa-
tion (21). As discussed in the previous section, however, without a large momentum scale
one cannot fully justify the use of the parton model formalism. In order to gauge the sensi-
tivity of the results on the choice of structure function, both G′
P
and G′′
P
of Equations (22)
and (23) were also considered. The results are shown in Figure 5, where the differential cross
section which emerges using G
P
is given by the solid curve, and is to be compared with the
cross sections found using G′
P
and G′′
P
, given by the dashed and dotted curves, respectively.
The predicted cross sections are all found to be well within an order of magnitude of one
another.
As can be deduced from Equation (34), the difference between Q′0 and Q0 corresponds
to the folding of the nuclear density distribution with the range of the pomeron field. This
behavior is evident in Figure 3: the double-pomeron exchange process essentially depends
on the magnitude of the geometrical overlap of the two nuclei during collision. This is
more readily appreciated in Figure 6, which shows the ratio of PP to γγ cross sections; an
approximate exponential fall-off is evident, reflecting the pomeron’s short range. Moreover,
the pomeron contribution is more strongly suppressed because the probability for an elastic
collision becomes large only for b >∼ 16 fm.
Of course, it is not yet settled whether the fJ(1710) meson is actually a glueball, and
one must consider the experimental feasibility of using peripheral heavy-ion collisions to
determine its nature. Although the analysis of Close, Farrar, and Li [7] rules out a glueball
interpretation for J = 2, our results are easily extended to a J = 2 quarkonium state since
the total cross section simply scales by the ratio of the two-body decay widths and by the
2J + 1 factor of Equation (20). (Note that although the impact parameter dependence can
in principle distinguish between the J = 0 and J = 2 cases, the difference is negligible once
absorption is accounted for.) For J = 0, one must be concerned not only about a putative
γγ → G process being overwhelmed by conventional qq¯ states, but also the inundation of
both of these by the PP process. Note however that as a probe only of the electrically
charged qq¯ component, the γγ cross section can be varied by changing the nuclear charge
Z at fixed energy. With gg decay widths which differ by a factor of 2.5 (and perhaps by
as much as a factor of 5 should the fJ(1710) be pure glue), one should therefore be able to
distinguish a quarkonium from a glueball signal. As for concerns of pomeron fragmentation,
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the hard glue component of the pomeron carries 80 − 90% of the pomeron’s momentum,
leaving only 10 − 20% to fragment. Moreover, the need for small x requires that the two
pomerons which form the state be soft: to make a 1700 MeV state each pomeron must have
less than ∼ 1000 MeV longitudinal momentum, of which 850 MeV goes into the produced
state and 150 MeV fragments. Thus any fragmentation must yield a 300 MeV, isospin zero
state—most likely pion pairs. There seems little reason to expect that this will swamp a
glueball signal.
In conclusion, we find that peripheral collisions of heavy-ions—and, at RHIC, of
protons—may be a fruitful approach to the production and study of glueballs. For the
fJ(1710), the extent to which the measured production cross section agrees with results
presented here may serve as a measure of the status of its candidacy; application to other
glueball candidates is straightforward.
APPENDIX
An essential difference between the production of states of high invariant mass by elastic
two-photon exchange and that by double-pomeron exchange is that the electromagnetic
interaction is long-ranged, whereas the strong interactions have a range of typically 1 fm. In
order to understand how these features are contained in the scattering formalism employed
here, we briefly examine the range of the various interactions [2]. In momentum space the
distribution of virtual quanta around their source is given by
n˜(t) = Γ(t)|D(t)| , (38)
where t is the invariant four-momentum exchanged, Γ is the vertex function of the source,
and D is the propagator of the virtual quanta. For virtual photons emitted by a nucleus,
we have
Dγ(t) = −1/t , Γγ(t) = ZeFA(−t) , (39)
where FA is the elastic nuclear form factor. For the pomeron, we have [12,13]
D
P
(t) =
(s/m2)αP(t)−1
sin 1
2
πα
P
(t)
e−
i
2
πα
P
(t) , Γ
P
(t) = 3Aβ0FA(−t) , (40)
where α
P
(t) is the Regge trajectory of the pomeron, and 3β0 is the pomeron-nucleon coupling
constant. The sin( 1
2
πα
P
)e
i
2
πα
P term is part of the so-called “signature factor” which expresses
the different properties of the pomeron under C and P conjugation. We are interested here
in the spatial distribution of the virtual quanta in the nuclear rest frame, where we have
t = −~k2. Note that the pomeron propagator depends on the total scattering energy s, i.e.,
the pomeron distribution seen by the other nucleus (or any other probe) is a function of
energy even in the rest frame of the source.
The spatial distribution n(r) is obtained from (36) by a Fourier transformation. For the
virtual photon field we find the well-known result,
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nγ(~r) =
∫
d3k
(2π)3
ei
~k·~r n˜γ(−~k2)
=
Ze
4π
∫
d3r′
ρ(~r ′)
|~r − ~r ′| , (41)
where ρ(~r) is the (nuclear) charge density distribution. For the pomeron distribution we
find
n
P
(~r) =
∫
d3k
(2π)3
ei
~k·~r n˜
P
(−~k2)
= 3Aβ0
∫
d3r′ ρ(~r ′)
∫ d3k
(2π)3
ei
~k·(~r−~r ′) (s/m
2)ǫ−α
′
P
~k2
sin 1
2
π(1 + ǫ− α′
P
~k2)
, (42)
where we have used Eq. (13). At very high c.m. energy the numerator of the pomeron
propagator falls off very rapidly with ~k2, with an exponential slope given by α′
P
ln(s/m2).
We can therefore neglect the ~k2 dependence of the signature factor and approximate
sin[ 1
2
π(1 + ǫ− α′
P
~k2)] ≈ cos 1
2
πǫ ≈ 1 . (43)
Defining the pomeron range parameter r0 as
r20 = α
′
P
ln(s/m2) , (44)
we obtain:
n
P
(~r) ≈ 3Aβ0
(2r0
√
π)3
(s/m2)ǫ
∫
d3r′ ρ(~r ′) exp
(
−(~r − ~r
′)2
4r20
)
. (45)
We thus find that the pomeron distribution corresponds to the nuclear density distribution
folded with a gaussian of range r0. At LHC energy for
208Pb nuclei, with m ≈ 1 GeV and
α′
P
= 0.25 GeV−2, we find r0(100 GeV/u) = 0.45 fm. We conclude that the distribution of
virtual pomerons falls off very rapidly at the nuclear surface, with a mean range less than
that of the nuclear density itself.
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TABLES
Table 1: Estimates of two-photon and two-gluon decays widths, based upon analyses
of references [6], [7], and [20].
Table 2: Photon-photon cross sections for fJ=0(1710) glueball production in periph-
eral collisions of 208Pb at LHC and RHIC and of protons at RHIC. For com-
parison, inelastic scattering effects have been accounted for in two ways: σelAA
uses the Glauber approximation (see equation (34)), whereas σAA(b > 2R) is the
remaining cross section after applying a cut on impact parameter.
Table 3: Pomeron-pomeron cross sections for fJ=0(1710) glueball production in pe-
ripheral collisions of 208Pb at LHC and RHIC and of protons at RHIC using the
structure function G
P
of Equation (21). For comparison, inelastic scattering ef-
fects have been accounted for in two ways: σelAA uses the Glauber approximation
(see equation (34)), whereas σAA(b > 2R) is the remaining cross section after
applying a cut on impact parameter.
12
State Γγγ Γgg
(qq¯) ∼ 1 keV ∼ 28 MeV
(G) ∼ 4 eV >∼ 70 MeV
Table 1
Pb-Pb pp
σAA
3.5 TeV/u
(LHC)
100 GeV/u
(RHIC)
250 GeV
(RHIC)
Total 2.5 µb 85 nb 0.51 pb
Elastic 2.1 µb 37 nb 0.48 pb
b > 2R 2.3 µb 48 nb 0.43 pb
Table 2
Pb-Pb pp
σAA
3.5 TeV/u
(LHC)
100 GeV/u
(RHIC)
250 GeV
(RHIC)
Total 2160 b 73 b 151 µb
Elastic 95 mb 8.2 mb 121 µb
b > 2R 15 b 460 mb 27 µb
Table 3
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FIGURES
FIG. 1: The fusion of two quanta V , V = γ or P, from scattering nuclei.
FIG. 2: Inclusive glueball production, PP → G+X .
FIG. 3: The impact parameter dependence of the differential cross section for (a)
PP and (b) γγ → fJ=0(1710) in peripheral collisions of 208Pb at RHIC. The
solid curves are without absorption whereas the dotted curves include absorption
effects.
FIG. 4: The impact parameter dependence of the differential cross section for PP →
fJ=0(1710) in proton-proton scattering at RHIC. The solid curve is without ab-
sorption whereas the dotted curve includes absorption effects.
FIG. 5: Comparison of different structure functions on total production cross sections
for PP → fJ=0(1710) in peripheral collisions of 208Pb at (a) the LHC and (b)
RHIC, and (c) for pp collisions at RHIC. The three structure functions are G
P
(solid), G′
P
(dashed) , and G′′
P
(dotted) of Equations (21)-(23).
FIG. 6: The ratio of PP to γγ cross sections for fJ=0(1710) production in peripheral
collisions of 208Pb at RHIC.
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